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We report on existence of superconductivity in YIr2Si2 and LaIr2Si2 compounds in relation to crys- 
tal structure. The two compounds crystallize in two structural polymorphs, both tetragonal. The 
high temperature polymorph (HTP) adopts the CaBe2Ge2-structure type (space group P4/nmm) 
while the low temperature polymorph (LTP) is of the ThCr2Si2 type (I4/mmm). By studying poly- 
crystals prepared by arc melting we have observed that the rapidly cooled samples retain the HTP 
even at room temperature (RT) and below. Annealing such samples at > 900° C followed by slow 
cooling to RT provides the LTP. Both, the HTP and LTP were subsequently studied with respect 
to magnetism and superconductivity by electrical resistivity, magnetization, AC susceptibility and 
specific heat measurements. The HTP and LTP of both compounds respectively, behave as Pauli 
paramagnets. Superconductivity has been found exclusively in the HTP of both compounds below 
Tsc (= 2.52 K in YIr2Si2 and 1.24 K in LaIr2Si2). The relations of magnetism and superconductiv- 
ity with the electronic and crystal structure are discussed with comparing experimental data with 
the results of first principles electronic structure calculations. 
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I. INTRODUCTION 

To date large variety of ternary intermetallic systems 
has been discovered and many of them remain subjects of 
intensive scientific interest. The rare-earth intermetallics 
are the most intensively studied with respect to the 
cooperative phenomena - magnetism and superconduc- 
tivity. The localized 4/ electrons of the rare-earth ions 
exposed to various crystallographic and chemical envi- 
ronments in compounds cause a rich spectrum of the 
physical phenomena like magnetism with various mag- 
netic structures, heavy fermion behavior or unconven- 
tional superconductivity in the quantum critical regime. 
The weak interactions of localized 4/ electrons with va- 
lence electrons of neighboring ions, which are the key 
ingredients of the physics of these intermetallics, are 
strongly dependent on the complex interplay of chem- 
istry and symmetry of the neighborhood. Studies of La, 
Lu or Y analogues allow inspecting properties indepen- 
dent on presence of 4/-electrons in the material. 

Only in some specific cases one can investigate the 
effect of crystal symmetry change alone without changing 
composition. An outstanding opportunity is offered by 
polymorphism. Polymorphism is a unique phenomenon 
when the material can appear in two or even few differ- 
ent crystal structures although the chemical stoichiom- 
etry and composition are conserved. It means that the 
same collection of ions can be arranged to two or more 
crystal structures of different symmetry. 

One large group of materials exhibiting often poly- 
morphism is characterized by the composition RET2X2, 
where RE represents various rare-earth ions, T stays 
for 3d, Ad and 5d transition metals and noble met- 
als, e.g. Ag or Au and X represents p-elements like 
Si , Ge, As or P— ~— . Two polymorphs can be found 
in the case of 122 iridium silicides. One polymorph 
crystallizes in the primitive tetragonal structure of the 



CaBe2Ge2 type (space group P4/nmm) and the sec- 
ond adopts the ThCr2Si2-type body centered tetrago- 
nal structure (I4/mmm). The ThCr2Si2-type is ther- 
modynamically stable at room temperature (LTP) while 
the CaBe2Ge2-type is thermodynamically stable at high 
temperatures (HTP). Nevertheless, the HTP can exist as 
a metastable form at room temperature when the cool- 
ing rate from the melt is high enough. The tempera- 
tures of the structural transitions between polymorphs 
are the characteristic parameters of each polymorphic 
compound. Existence of the polymorphism is probably 
not the general rule in the entire group of the i?£Tr2Si2 
compounds. For example EuL"2Si2 is reported crystalliz- 
ing only in the CaBe2Ge2-type structure^^. 

The group of 122 rare-earth- iridium silicides exhibits 
variety of phenomena like magnetism, superconductiv- 
ity or non-Fermi liquid behavior. A short overview is 
presented in the following paragraph together with mo- 
tivation of our work. 

The Ce analogue does not order magnetically, neither 
the HTP nor the LTP variant presumably due to lack 
of Ce magnetic moments of valence fluctuating Ce ions. 
The LTP behaves as the Fermi-liquid at low temperatures 
whereas the HTP exhibits non-Fermi-liquid feature a 16 ' 17 . 
It is in contrast to the uranium polymorphs, which or- 
der antiferromagneticaly in the LTP whereas the HTP is 
paramagnetic at low temperatures ^ 12 ' 18 . 

Similar situation to U compounds has been found in 
the Pr polymorphs. The HTP is paramagnetic down 
to 2 K while the LTP orders antiferromagneticaly at 
Tn = 45.5 K. Magnetism of the Pr polymorphs is deter- 
mined by the crystal field (CF) acting on the Pr ioni^r— . 
The Nd compounds behave likewise the Pr ones. The 
HTP is entirely paramagnetic whereas the LTP becomes 
antiferromagnetic below Tn = 33 K 21,23 . Existence of 
the SmIr2Si2 polymorphs has been confirmed by a struc- 
ture study but information regarding magnetism is still 
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LaIr 2 Si 2 HTP T SC (K) LTP T SC (K) 



ReM 


1.56 


- 


Ref 32 


1.52-1.58 


- 


Ref 33 


1.6 


- 


YIr 2 Si 2 


HTP Tsc(K) 


LTP Tsc(K) 


Ref22 


2.72-2.83 




ReM 


2.6 


2.6 (broaden) 


Ref 3 ^ 


2.7 


2.4 


Ref 36 


2.7 


2.45 



Table I. The overview of the presence and temperatures of 
superconducting transitions in Y and La iridium silicides. 

missing 24 . As already mentioned EuIr2Si2 has been re- 
ported crystallizing only in the CaBe2Ge2 type structure 
and exhibits intermediate valence behavio r 15 ' 24 . Rather 
incomplete information is available for the heavy rare- 
earth iridium silicides; for TmIr2Si2 no scientific data at 
all are available and for HoIr2Si2 besides confirmation 
of polymorphism 24 no other information has been pub- 
lished. The LTP of Gd, Tb, Dy and Er are reported 
to be antiferromagnetic below Tn = 80,80,40 and 10 K, 
respectively 2 * 2 ^— . Antiferromagnetism (Tn = 13 K) is 
reported also for the HTP of Tbh^Siz^ 5 -; no other physi- 
cal properties of HTP are known for the heavy rare-earth 
iridium silicides except for the Yb compound. YbIr2Si2 
attracted much interest owing to heavy fermion behavior 
of the LTP, which is close to a quantum critical point 
(QCP) 2 ^ 2 ^. In contrary the HTP orders magnetically at 
0.7 K 25 i 27 i 28 . No information on physical properties of 
LuIi"2Si2 has been published although the Lu compound 
was often mentioned as a non-magnetic analogue within 
the YbIr2Si2 study. 

Superconductivity has been observed for the HTP 
of two _R£Tr2Si2 compounds without the 4/ electrons, 
namely YIr2Si2 and Lah"2Si2 . The literature reports, 
which are briefly reviewed in Table |H are in some cases 
contradictory, especially as concerns presence of super- 
conductivity in the LTP of YIr2Si2. In this context we 
would like to note that lanthanum at ambient pressure 
becomes a superconductor below about 6 K in both the 
h.c.p and f.c.c. crystal form, respectively in ambient 
pressure 29 . In contrary yttrium metal under ambient 
pressure shows no superconductivity but Wittig~2 has 
discovered superconductivity in yttrium metal at 1.2 K 
when applying pressure of 11 GPa. 

The primary objective of the present paper is to clar- 
ify how magnetism and superconductivity in YIr2Si2 and 
LaIr2Si2 is connected with the specific layered crystal 
structures of the two polymorphs (LTP and HTP). As 
a first step we studied existence of the LTP- and HTP- 
phase, respectively, with respect to thermal history by 
combining the DTA measurements with X-ray powder 
diffraction analysis of samples at room temperature. The 
main part of the paper is devoted to the low temperature 
measurements of the electrical resistivity, magnetization, 



AC susceptibility and specific heat in various magnetic 
fields. To corroborate our explanation of experimental 
results we have also performed ab initio electronic struc- 
ture calculations for YIr2Si2 and theoretical predictions 
regarding the superconducting state. 



II. EXPERIMENTAL AND COMPUTATION 
DETAILS 

In order to avoid problems with stabilizing the HTP 
at low temperatures when growing the single crystals by 
Czochralski method 2 ^ we have decided to perform the 
work on polycrystals which can be easier quenched after 
melting and single-HTP samples can be obtained. The 
samples of Yh"2Si2 and LaIr2Si2 compounds have been 
prepared by melting the stoichiometric amounts of ele- 
ments (purity of Y and La - 99.9%, Ir - 99.99%, Si - 
99.9999%) in an arc-furnace with a water-cooled cop- 
per crucible under the high-purity (6N) argon protec- 
tive atmosphere. The total sample mass was typically 
2.5 g. The samples were re-melted three times to en- 
sure good homogeneity; finally the sample has been left 
to cool rapidly after sudden switching off the arc above 
the melt. No significant evaporation has been observed 
during melting the samples. Each sample has been cut 
into two equal parts. One half of the each sample was 
wrapped in a tantalum foil (99.9 %), sealed in a quartz 
tube under the vacuum of 1 • 10~ 6 mbar, annealed at 
900°C for 7 days and then slowly cooled to avoid inter- 
nal stresses. The second half was kept without any heat 
treatment. Both the samples (as cast and annealed) were 
characterized by the X-ray powder diffraction method 
(XRPD) at room temperature using a Bruker D8 Ad- 
vance diffractometer equipped with a monochromator 
providing the CuKa radiation. The diffraction patterns 
were evaluated by the standard Rietveld technique^! us- 
ing the FullProf/WinPlotr software^. The composition 
of samples was verified by chemical analysis using a scan- 
ning electron microscope (SEM) Tescan Mira I LMH 
equipped by an energy dispersive X-ray detector (EDX) 
Bruker AXS. The samples have been shaped appropri- 
ate for individual measurements using a fine wire saw to 
prevent additional stresses in the samples. 

Differential thermal analysis (DTA) measurements 
were performed using Setaram SETSYS-2400 CS instru- 
ment over the range from room temperature to 1450° C. 
The heating and cooling rates were 5 K/min. 

The low temperature behavior was tested by the 
electrical resistivity, heat capacity, magnetization and 
AC susceptibility measurements in the PPMS9T and 
MPMS7T facilities (Quantum Design). The samples for 
the electrical resistivity measurement were of the bar 
shape (1 mm x 1 mm x 4 mm). The electrical resistivity 
was measured as a function of temperature and magnetic 
field by using the four-terminal AC method. The heat ca- 
pacity was measured on the 1.5 mm x 1.5 mm x 0.5 mm 
plates by the relaxation method. The magnetic measure- 
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ments were performed with fine powder samples having 
the grains fixed in random orientation by weakly mag- 
netic glue. The electrical resistivity was measured also 
with a 3 He option down to the temperature of 350 mK 39 . 

The results of calculations of the electronic structure 
of LaIr2Si2 have been published before^. The ground- 
state electronic structure YIr 2 Si2 was calculated on the 
basis of DFT within the local spin density approxi- 
mation (LSDA)^£ and the generalized gradient (GGA) 
approximation^— therefore we used more possibilities 
than just GGA42 in the work^i. For this purpose, we 
used the full-potential augmented-plane-wave plus local- 
orbitals method (APW-lo) as implemented in the latest 
version (WIEN2k) of the original WIEN code^. The cal- 
culations were performed within scalar relativistic mode 
with the following parameters. Non-overlapping atomic- 
sphere (AS) radii of 2.8, 2.3 and 1.6 a.u. (1 a.u. = 
52.9177 pm) were taken for Y, Ir and Si, respectively. 
The basis for the expansion of the valence states (less 
than 8 Ry below the Fermi energy) consisted of more 
than 3500 basis functions (more than 350 APW/ atom) 
for the HTP-structure and more than 1350 (more than 
270 APW/atom) for the LTP-structure plus the Y 3s, 
3p, Ir 5s, bp, 4/ and Si 2p local orbitals. The Brillouin- 
zone integrations were performed with the tetrahedron 
method 47, on a 330 k-point mesh (HTP) and 288 (LTP) 
corresponding to more than 4000 k-points in the full Bril- 
louin zone for both the crystal structures. 



III. RESULTS AND DISCUSSION 
A. Composition and crystal structure analysis 

We have successfully synthesized the polycrystalline 
samples of the YIr2Si2 and LaIr 2 Si2 compounds and per- 
formed FE-EDX analysis at various locations of the an- 
nealed samples. The element analysis confirmed the ma- 
jority of the YIi'2Si2 and LaIr2Si2 phases, respectively, in 
all surveyed samples and 1-2 percent of the La rich and 
Si poor phase (La1.04Ir2Si1.5s) localized mainly on grain 
boundaries of the La based samples. 

Subsequently, small pieces of the as-cast and annealed 
samples of both compounds, were powdered in agate 
mortar and XRPD data have been collected. We have 
observed significant difference between the patterns of 
the as-cast and annealed samples in the case of both 
compounds due to the crystal structure transformation 
within the thermal treatment. All reflections can be as- 
signed to the ThCr2Si 2 -type structure type in the case 
on thermally treated samples while the as-cast samples 
kept the CaBa2Ge2-structure type. No significant addi- 
tional reflections have been found in either sample. The 
powder patterns of the both compounds in the as-cast 
and annealed states are displayed in Figure Q] 

The proper analysis of the XRPD pattern of the 
YIr2Si2 HTP revealed a mixture between the Si and Ir 
atoms in the 2c positions. The refinement process showed 
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Figure 1. XRPD patterns of the YIr2Si2 and LaIr2Si2 com- 
pounds. The upper panels represent the patterns of the as- 
cast samples. The lower panels represent the patterns of the 
annealed materials as described in the text. 

YIr 2 Si 2 - HTP a (A) 4.0938(2) 

CaBa2Ge2 structure type c (A) 9.6856(7) 

Atoms Symmetry x y z 



Ir 

Si 
Y 
Ir 
Si 



2 c 
2 c 
2 c 
26 
2a 



0.127(5) 

0.422(9) 

0.742(8) 
1 
2 





Table II. Crystal structure parameters of the HTP of YIr2Si2- 



mixture of about 10 - 12 %. A similar situation has been 
observed in the case of LaIr2Si2 with the Si/Ir mixture 
of about 5 %. On the other hand no atoms mixture has 
been detected in the LTP and all atoms of the involved el- 
ements well occupied their positions in both compounds. 
The crystal structure parameters of the YIr2Si2 com- 
pound are digestedly summarized in the Table |H] and 
Table Hill The determined parameters are in good agree- 
ment with the structure model published by Shelton et 

ai^a. 

Lattice parameters and fractional coordinates of the 



YIr 2 Si 2 - LTP a (A) 4.0483(2) 
ThCr 2 Si 2 structure type c(A) 9.8152(7) 



Atoms Symmetry x 



y 



Si 
Ir 
Y 



4e 
4d 
2a 



0.3640(9) 

1 1 

2 1 





Table III. Crystal structure parameters of the LTP of YIr2Si2- 
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LaIr 2 Si 2 - HTP a (A) 4.1873(1) 
CaBa 2 Ge 2 structure type c (A) 9.9380(3) 



Atoms Symmetry 


X 


y 


Z 


Ir 2c 


l 

i 


i 

i 


0.374(4) 


Si 2c 


i 

I 


i 

i 


0.140(8) 


La 2c 


l 

i 


i 


0.742(8) 


Ir 2a 


3 
T 


i 





Si 2b 


3 
I 


i 

4 


i 

2 



Table IV. Crystal structure parameters of the HTP of 
Lalr 2 Si 2 . 



LaIr 2 Si 2 -LTP a (A) 4.1111(1) 
ThCr 2 Si 2 structure type c (A) 10.3001(3) 

Atoms Symmetry x y z 

Si 4e 0.366(1) 

Ir 4d \ i 

La 2a 



Table V. Crystal structure parameters of the LTP of LaIr 2 Si 2 . 
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250 500 750 1000 1250 1500 
T(°C) 

Figure 2. DTA curves recorded for YIr 2 Si 2 . The upper red 
bold (dashed) arrow denotes the heating branch. The lower 
blue bold (solid) arrow denotes the cooling branch. Tem- 
peratures of transitions are numbered and marked by black 
(dashed) arrows for first run and green (solid) arrow for sec- 
ond run. 



both LaIx2Si2 polymorphs are summarized in the Table 
IV] and Table El 

The difference between corresponding lattice param- 
eters of LaIr2Si2 and YIr2Si2 compounds is about 1 % 
which well corresponds with the difference between the 
La and Y atomic radii. The c/a ratio of HTP is 1% 
and 3% larger than the value for the LTP of YIr 2 Si2 and 
LaIr 2 Si2, respectively. 

The transformation temperatures between the HTP 
and LTP in both compounds were studied by DTA and 
the typical result for the YIr2Si2 compound is displayed 
in Figure [5] Two thermal cycles have been applied on 
the as cast samples, which contain entirely the HTP. 
Two anomalies appeared in the first heating branch of 
the both compounds. When heating from room tem- 
perature the first anomaly corresponds with the trans- 
formation from the HTP, which is metastable at room 
temperature to the thermodynamically preferable LTP. 
The transformation temperature has been found ~ 365°C 
(651°C) for the LaIr2Si2 (YIr2Si2) compound. It is in 
good agreement with transition temperature 340°C for 
LaIr2Si2 compound reported by Mihalik et al. 46 . The 
second anomaly appears when the LTP transforms to 
the HTP at 1101°C for LaIr 2 Si 2 (~1140°C by Mihalik et 
al4£) and 1162°C for YIr2Si2- Only one transition has 
been found on the cooling branch, which corresponds to 
the reverse transition from the HTP to the LTP at 800°C 
for the LaIr 2 Si 2 (~860°C by Mihalik et al4£) and 1013°C 
for the YIr2Si2 compound (see Figure [5]). 

In the case of YIr2Si2 the sample after the first ther- 
mal cycle can be considered as being in the well-annealed 
state, i.e. containing only the LTP. Therefore the 651°C 
anomaly is obviously missing on the heating branch of 
the second thermal cycle whereas the other features well 



Transf. T (°C) YIr 2 Si 2 


LaIr 2 Si 2 


LalraSi^ 


Ti 


651 


365 


340 


T 2 


1162 


1101 


1140 


T 3 


1013 


800 


860 


T 4 


1153 


1107 


not measured 


T 5 


1018 




not measured 


\n-T s \ 


149 


301 


not measured 



Table VI. List of transition temperatures for all compounds, 
First run: T\ - temperature of the transformation of the 
metastable (at room temperature) HTP to stable LTP, T 2 
- temperature of the transition from the stable LTP to the 
stable HTP, T3 - temperature of the transition from the sta- 
ble HTP to the stable LTP; second run: T4 - temperature of 
the transition from the stable LTP to the stable HTP, T5 - 
temperature of the transition from the stable HTP to the sta- 
ble LTP, \T 2 - T 3 1 represents thermal hysteresis of HTP-LTP 
transformation in the l st run. 



correspond to these observed in the first thermal cycle. 

The observed transformation temperatures are digest- 
edly summarized in the Table I VII 

To achieve the desirable YIr2Si2 and LaIr2Si2 samples 
for measurements of low temperature properties which 
contain entirely the LPT we annealed the as cast samples 
in the temperature interval 800 — 900° C (which is high 
enough to transform the frozen HTP to the LTP but low 
enough to prevent the LTP to the HTP transformation. 
The cooling rate used after annealing was lower than 1 
K/min. Then the annealed samples have been found free 
of any traces of HTP. 
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Figure 3. Temperature dependence of the electrical resistivity 
for the LaIr 2 Si 2 HTP and YIr 2 Si 2 HTP. The sharp drop of 
resistivity signs the superconductivity transition. 



B. Resistivity and heat capacity results 

We have measured electrical resistivity data of the as- 
cast (HTP) and annealed (LTP) samples of both com- 
pounds and we have observed significantly different be- 
havior. While the HTP of both compounds, respectively, 
exhibit robust superconductivity - see the drop of the 
resistivity around the superconducting transition tem- 
perature Tgc, which has been assigned to the maximum 
slope of the resistivity drop (Figure [3]) . We have found 
the values of T sc = 2.72 K for YIr 2 Si 2 and T sc = 1.4 K 
for LaIr2Si2. Nevertheless there is a significant difference 
between the SC transition of the La and Y compound. 
While a very sharp transition from normal to supercon- 
ducting state within 0.1 K has been detected for the Y 
compound a broader transition (0.4 K) occurs in the La 
compound (see Figure [3]) . The relatively high tempera- 
tures of the superconducting transition in HTP (higher 
than 1 K) are attributed to the unique arrangement of the 
Ir atoms in the 5 Si pyramidal cages in the HTP crystal 
structure. It is therefore tempting to speculate that the 
transition-metals coordination in these silicides is linked 
with and may be crucial for the occurrence of supercon- 
ductivity in these compounds 33 , which may happen if the 
material is not well annealed. No sign of superconduc- 
tivity has been detected in the LTP polymorphs down to 
the lowest temperature of our experiment (0.4K). It is in 
contradiction with some previous papers where supercon- 
ductivity in YIr2Si2 was reported for both the HTP and 
LTP samples 34 - 36 . We believe that the main reason of 
superconductivity observed in the LTP samples reported 
in some earlier papers can be attributed to the presence 
of certain amount of the HTP in these samples. 

To confirm the bulk superconducting properties we 
have measured the heat capacity data of all four sam- 
ples and have observed also here significantly different 
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Figure 4. Temperature dependence of heat capacity of the 
YIr 2 Si 2 sample. The marks represent measured data where 
every second point has been omitted for clarity. The lines 
correspond to the fitted models. 



behavior of the HTP and LTP samples of corresponding 
compounds similar to resistivity behaviour. While the 
HTP of both compounds were superconducting - see the 
anomaly at temperatures of the superconducting transi- 
tions in the heat capacity data (Figure0]and Figure[S]) no 
sign of any transition has been observed in the data of the 
LTPs. The Tsc values determined from the heat capac- 
ity behavior are somewhat lower than these indicated by 
resistivity data. We have found the critical values based 
on heat capacity data of Tsc = 2.52 K for the YIr2Si2 
and Xg C = 1.24 K for the LaIr 2 Si 2 compound. The T sc 
values of the both HTP of both compounds well corre- 
spond with values found for HTP in literature which are 
listed in the Table HI 

We have analyzed the heat capacity considering it as 
a sum of electron (C ) and phonon (C p h) contribution: 



Ce 



2nk%T 
E F 



(1) 



where n is the density of electronic states at Fermi level 
E-p and fee is Boltzmann constant. 

The phonon contribution was treated within the Debye 
and Einstein models using anharmonicity correction 4 ^. 
The values of the Debye and Einstein temperatures and 
degeneracy of the Einstein modes are listed in Table IVIII 
and Table ElHl 

Values of the Sommerfeld y coefficient determined from 
the specific heat data are summarized in Table IIXI 

Our experimental values of 7 coefficient can com- 
pare as well with the coefficients presented by Braun 
et ali^i. The value of 7 = 8.5 mJ • mol -1 • K~ 2 pre- 
sented by Braun et al. for HTP is in good agreement 
with our observed value. On the other hand our exper- 
imental value of 7 is significantly higher than the value 



6 



o 
E 



O 



120 
100 
80 
60 
40 
20 




Lalr 9 SL 



LTP 

C. and C Lc,ll 2^'2 

pn e " . - 

HTP 

C nh and C 




0.5 1.0 1.5 2.0 

_j i i i i i 

30 60 90 120 150 180 210 
T (K) 



Figure 5. Temperature dependence of heat capacity of the 
LaIr2Si2 sample. The marks represent measured data where 
every second point has been omitted for clarity. The lines 
correspond to the fitted models. 



YIr 2 Si 2 



HTP 



LTP 



Branch 


Degen. 


9[K] 


a ■ 10- 4 
[K-] 


Degen. 0[K] 


a • 10~ 4 
[K-] 


0D 




145 






180 


4 


Oei 
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170 


4 


2 


180 


4 


0e2 


3 


180 


4 


3 


185 


4 


0e3 


3 


405 


4 


3 


390 


4 


0e4 


4 


410 


4 


4 


395 


4 



Table VII. Phonon spectrum of the both polymorphs of the 
YIr2Si2 compound. 



LaIr2Si2 



HTP 



LTP 



Branch Degen. 0[K] 



cei 
0e2 
0e3 
0e4 



155 
170 
175 
390 
395 



a ■ 10~ 4 
[K- 4 ] 



Degen. 6[K] 



200 
170 
175 
470 
475 



a ■ KT 4 
[K- 4 ] 
5 
5 
5 
5 
5 



Table VIII. Phonon spectrum of the both polymorphs of the 
LaIr2Si2 compound. 







YIr2Si2 LaIr2Si2 






HTP LTP HTP LTP 


7 


mJ • mol -1 • K -2 


8 8 8.1 8.1 



Table IX. Sommerfeld 7 coefficient of all compounds. 




Figure 6. Temperature dependence of the specific heat and 
electric resistivity of the HTP of YIr2Si2 measured in various 
magnetic fields. 



7 = 4.5 mJ • mol 1 • K 2 presented by Braun et al4i for 
the LTP. 

In order to analyze the superconducting properties of 
both compounds with respect to the predictions of BCS 
theory we have measured the heat capacity and electrical 
resistivity at low temperatures under various magnetic 
fields. The results are shown in Figure [6] and [7] for HTPs 
of YIr2Si2 and LaIr2Si2, respectively, which were found 
superconducting. Only curves in selected magnetic fields 
are displayed from the heat capacity measurements for 
better clarity. It is also important to note that we have al- 
ways found a sharp drop of resistivity at the SC transition 
for all the applied magnetic fields for the YIr2Si2. The 
broadened transitions were observed for LaIr 2 Si2 both 
in zero magnetic field (AT = 0.4 K) and also under the 
applied magnetic field when two step like transitions de- 
veloped. 

We have plotted all the values of the critical fields 
from all used methods and their temperature evolution 
for both YIr2Si2 and LaIr2Si2 in the Figure [S] and Figure 
[9] In the case of YIr2Si2 we have found good agreement 
between the temperature evolution between the resistiv- 
ity and heat capacity data. Only the AC susceptibility 
data measured for a narrow temperature interval (2.6-2.1 
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Figure 7. Temperature dependence of the specific heat and 
electric resistivity of the HTP of LaIr2Si2 measured in various 
magnetic fields. 



K) are slightly shifted to lower fields. First we have tested 
to evaluate the temperature evolution of the critical field 
using the square law (Equation (|5J)) . 



^H C2 (T) = fi H C 2 (0) 1 - (T/T, 



<-SC) 



(2) 



The square law was not found as a reasonable model 
for significant undervalue of the fioHc2 (0) parameter in 
the case of YIr2Si2. The value of /zo-ffc2 (0) was found 
to be 1.27 T using square law. We have obtained more 
satisfying results using formula derived from Ginzburg- 
Landau theoryi^ (Equation ©). 



Mo#C2 (T) = fi Q H C2 (0) 



1 - (T/T f 



sc) 



1 + (T/Tc 



sc) 



(3) 



This formula gives ^qHc2 (0) = 1.67 T as a result of 
the explanation of the resistivity data and similar value 
HqHc2 (0) = 1.72 T for the heat capacity data. The value 
of the critical field for LaIr 2 Si2 compound have been also 
unsuccessfully approximated by the square law (Equation 
@) that gives the value of the critical field /iqHc2 (0) = 
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— resistivity fit 
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Figure 8. Temperature dependence of the critical fields of the 
YIr2Si2 HTP. Measured data are fitted using Equation Q. 



42.1 mT when applied on the heat capacity data. Also in 
this case Ginzburg-Landau formula (Equation ([3])) gives 
better results and estimates the value of the critical field 
HoHc2 (0) = 56.2 mT for the heat capacity data. Fitting 
of the resistivity data gives significantly a higher value of 
the critical field hqHq2 (0) = 137.2 mT. Such behavior 
unambiguously denoted that the LaIr2Si2 sample was not 
in full bulk superconducting state as it will be also later 
confirmed by anomaly low value of the (ACp) Tgc /jTsc- 
On the basis of these findings we have tried to esti- 
mate the value of the [IqHc2 (0) from the specific heat 
data using Werthamer-Helfand-Hohenberg (WHH) for- 
mula (Equation ([I])) 51 within the weak-coupling BCS 
theory, as well. 



W>#C2 (0) = -0.693 (dff C2 /dTsc) T SC 



(4) 



We have approximated the value of the critical field 
W>#C2(0) 1.6 T YIr 2 Si 2 and only « 40 mT for 
LaIr2Si 2 . Mainly the WHH value of /io-ffc2 (0) is in very 
good experimental agreement in the case of the Y com- 
pound. All the noHc2 (0) values are also digestedly com- 
pared and summarized in the Table IXII1 

The specific heat jump at temperature T$c = 2.52 K 
in zero magnetic field reaches the value ACp = 
27.9mJ-mol~ 1 • K _1 in the case of YIr2Si2 while sig- 
nificantly lower and broadened jump of ACp = 
6.7 mJ • mol -1 • K _1 occurred for LaIr2Si2. We have tried 
to estimate the value of the (ACp) Tsc /yTgc, which 
should be 1.43 based on BSC weak-coupling theory. The 
value of 1.38 obtained for YIr2Si2, in good agreement 
with the predicted value of 1.43. Contrary to that the 
corresponding value for the LaIr2Si2 is significantly lower 
than expected - only 0.67. As we have mentioned herein- 
before we presume that the sample did not reach the su- 
perconducting state at a certain sharp temperature inter- 
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Figure 9. Temperature dependence of the critical field of the 
LaIr2Si2 HTP. Measured data are fitted using Equation ([3]). 



val because of broadening of the superconducting transi- 
tion probably due to mechanical stresses. Moreover only 
part of the sample was superconducting. Similar situa- 
tion can occur in intermetallics as was found for example 
in Ref. 52 because standard BCS behavior of the La com- 
pound was found in Ref^i with (ACp) Tsc /jTsc = 1.3 
which is 90 % of the BCS-predicted value. 





YIr 2 Si 2 


reference 


( C / a )thcor 

( c /a)exp 


LTP HTP 
2.4474 2.379f 
2.4245 2.3659 


this work 
this work 


LaIr2Si2 


( C / a )thcor 

(c/a) 

V / / cxp 


LTP HTP 
2.5070 2.3749 
2.5054 2.3734 


Refi22 
this work 



Table X. c/a ratios as a result of DFT calculations in com- 
parison with measured data. 



YIr2Si2 - LTP - experimental data calculated values 



Atom Symmetry 


X 


y 


z 


X 


y 


z 


Si 4e 








0.36409 








0.37934 


Ir 4d 





0.5 


0.25 





0.5 


0.25 


Y 2a 




















YIr 2 Si 2 - HTP - 


experimental data 


calculated values 


Atom Symmetry 


X 


y 


z 


X 


y 


z 


Ir 2c 


0.25 


0.25 


0.12753 


0.25 


0.25 


0.12822 


Si 2c 


0.25 


0.25 


0.42296 


0.25 


0.25 


0.36808 


Y 2a 


0.25 


0.25 


0.74891 


0.25 


0.25 


0.7538 


Ir 2b 


0.75 


0.25 


0.5 


0.75 


0.25 


0.5 


Si 2c 


0.75 


0.25 





0.75 


0.25 






C. First principles electronic structure calculations 

The first principles calculations started minimizing the 
forces at the symmetry free Wyckoff positions for both 
HTP and LTP structures. We have found very good 
agreement with our experimental data. Using fixed spin 
moment method it has been confirmed Pauli paramagnet 
as the ground state of the YIr2Si2 for both the HTP and 
LTP. 

We now compare the performance of LSDA and GGA 
with respect to the equilibrium volume of the HTP and 
LTP. The ratio c/a has been also minimized and found 
to be close to the experimental equilibrium (see Table IXl 
and IXI|) . We have calculated the variation of the total 
energy with the relative volume V/Vq (Vq is the exper- 
imental equilibrium volume) . The LSDA4S value of the 
equilibrium volume is less than 1.0 % smaller than the 
experimental value. The GGA from Ref42, on the other 
hand, leads to a volume that exceeds the experimental Vq 
by 3.8 % and the volume obtained with the GGA from 
Ref4i is 1.3 % larger. The best results are obtained using 
the GGA from Ref. 43 , which underestimates Vq by only 
1.1%. An all forms of the GGA 41 - - — provide a worse 
equilibrium volume than the LSDA. Finally we have cal- 
culated the structural difference energy using LSDA. We 
have found the value 9 mRy per formula unit and the LT 
phase is lower in energy with agreement to our experi- 
mental data. 



Table XL Atomic coordinates obtained from DFT calculations 
compared with measured values. 



We have checked the calculated density of the elec- 
tronic states and it is in perfect agreement with 
the results in Ref4^. The DOS value at the 
Fermi level is N(Ef) = 2.36 states/eVf .u. and 
N(Ep) — 2.05states/eVf.u. which correspond to 7b a nd = 
5.64 mJ • mol -1 • K~ 2 and 7 ban d = 4.9 mJ ■ mol -1 ■ K~ 2 
for the HTP and LTP, respectively. The experimental 
specific-heat value is 7 cxp = 8.0 mJ • mol -1 • K -2 for the 
HTP, which points to an enhancement factor of A = 0.42, 
A being defined by 7 cxp = 7band (1 + A). This total en- 
hancement is most likely due to the electron-phonon cou- 
pling. 

The first superconducting temperature Tsc-relation 
based on the minimum set of three parameters (averaged 
Debye temperature #d, mass-enhancement coefficient A 
and a Coulomb pseudopotential fi*) which found exten- 
sive applications in the analysis of superconductors was 
worked out by McMillan 53 . Starting with the full Eliash- 
berg equations, McMillan introduced ad hoc assumptions 
on the nature of the spectral function and assumed fur- 
ther that Tsc depends on spectral function only through 
A. Performing numerical solutions of the Eliashberg 
equations McMillan derived so-called McMillan-formula 
(Equation ©). 
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Tsc 



1.45 



exp 



1.04(1 + A) 
A-^*(1 + 0.62A) 



(5) 



Using the averaged Debye temperature #d = 145 K, 
the mass-enhancement coefficient A = 0.42 and the 
Coulomb pseudopotential fi* = 0.13 we have found Tsc = 
0.45 K. This only semiquantitatively agrees with our ex- 
perimental value Tsc = 2.52 K. We note that the result 
of using McMillan formula is especially very sensitive to 
particular value of mass-enhancement coefficient A which 
is the result of combined analysis of experimental specific 
heat data and first-principles calculations based on the 
DFT with approximate exchange correlation functional. 
For example the value of A = 0.6 Tsc ~ 1 K which is 
quite close to our experimental value Tsc = 2.52 K. We 
also point out that we used Coulomb pseudopotential 
fi* = 0.13 which is a common practice to follow sug- 
gestion of McMillan^ 3 - for all transition metals and their 
compounds. Therefore our calculations using McMillan 
formula can be taken starting crude estimate of 

Tsc only. One possible reason of limiting validity of us- 
ing of McMillan formula for our YIr2Si2 might be the 
complex nature of the phonon spectra in YIr2Si2 com- 
pound and therefore the coupling of electrons to special 
phonon modes. Therefore the full first-principles calcula- 
tion of the superconducting temperature Tsc of YIr 2 Si 2 
is clearly beyond the scope of the present paper. 



D. Magnetization data 

The experimental magnetic susceptibility of YIr2Si2 
in the normal state is temperature independent and 
the value is close to 2.5 • 10~ 8 m 3 • mol -1 for HTP and 
1.5 • 10~ 8 m 3 • moU 1 for LTP, respectively. The theo- 
retical value of 8.4 ■ 10~ 8 m 3 ■ mol" 1 for HTP and 7.3 • 
10~ 8 m 3 • moU 1 for LTP, respectively calculated by using 
the well-known equation for Pauli susceptibility (Equa- 
tion ([5])) provides only right order with the experimen- 
tal value. The overestimation of the theoretical value is 
probably connected with approximate exchange correla- 
tion functional used in our first principles DFT calcula- 
tions. 



X = l&N(E F ) (6) 



IV. CONCLUSIONS 

We have successfully verified, that polymorphism is an 
effective tool to study the influence of the crystal sym- 
metry as a deciding parameter for presence of the super- 
conductivity on materials. As a model example we have 
successfully synthesized both tetragonal polymorphs of 
the YIr2Si2 and LaL"2Si2 compounds, respectively. We 



parameter 


YIr 2 Si 2 


LaIr2Si2 


YIr 2 Si 2 


LaIr2Si2 




HTP 


HTP 


LTP 


LTP 


TscCp (K) 


2.52 


1.24 


No SC 


No SC 


T SC R(K) 


2.72K 


1.45 


No SC 


No SC 




2.7 - 2.2 


- 


No SC 


No SC 


Tsctheor. (K) 


0.45 


- 


- 


- 


Xcxp (10 8 m 3 -mol 1 ) 


2.5 


- 


1.5 


1.8 


Xthcor (l(T 8 m 3 -mor 1 ) 


8.4 


- 


7.3 


- 


Ato#C2 (0) WHH (T) 


1.59 


0.041 


- 


- 


Ato#C2 (0) sq.law (T) 


1.27 


0.042 


- 


- 


fU>Hcs (0) GL - HC (T) 


1.72 


0.056 


- 


- 


A*o#C2 (0) GL — R(T) 
7ex P (mJ - mol ■ K 2 ) 


1.67 


0.137 


- 


- 


8 


8 


8.1 


8.1 


7thcor (mJ ■ mol -1 ■ K~ 2 ) 


5.6 


- 


4.9 


- 


£ (0) GL (nm) 


509 


88.4 


- 


- 


£ (0) WHH (nm) 


455 


89.7 


- 


- 


AO/7JSC 


l.OO 


U.o ( 






0d (K) 


145 


155 


180 


200 


A 


0.42 








( C A0theor 


2.3791 


2.374C 22 


2.4474 


2.507C 22 


( C / a )oxp 


2.3659 


2.3734 


2.4245 


2.5054 



Table XII. List of the parameters of the polymorphs of YIr2Si2 
and LaIr2Si2. 



have determined the role of thermal treatment in for- 
mation of the LTP and the metastable HTP in detail. 
We conclude that not only the maximum temperature 
but also the cooling rate have been found as crucial pa- 
rameters to obtain the single-phase material which can 
explain the controversial reports on the existence of the 
superconductivity in 122 iridium silicides presented in 
previous works. We have confirmed that only the HTP 
is superconducting; Tsc == 2.52 K and 1.24 K for YIr2Si2 
and LaIr 2 Si2, respectively. The LTP of both, YIr2Si2 and 
LaIr2Si2 , behave as the normal metallic conductors (no 
sign of superconductivity). The presence of the super- 
conductivity in Y and La iridium silicides is connected 
with unique inverse stacking of Ir-Si layers in the HTP 
structure creating pyramidal Ir cages with La or Y atoms 
inside, which are not present in LTP polymorphs. 

To well understand more physics of the 122 iridium 
silicides we have determined all the structure parameters, 
electronic structure and we have also inspected the su- 
perconducting state of both superconducting compounds 
within the BCS theory predictions. 

The lattice parameters and atoms fractional coordi- 
nates were found to be in good agreement with previously 
published structure models 3 -^ and also in agreement 
with our theoretical DFT values obtained using GGA. 
The LT polymorphs have been also confirmed being ther- 
modynamically favorable at room temperature. The low 
values of the coefficient 7 = 8.1 mJ • mol -1 • K -2 for the 
YIr 2 Si 2 and 7 = 8.0 mJ • mob 1 • K~ 2 for the LaIr 2 Si 2 
of the HT polymorph denotes the low density of states 
at Fermi level, which was confirmed by theoretical cal- 
culations. We have also revealed a low mass enhance- 
ment (A = 0.42) for the YIr 2 Si 2 , which indicates a weak 
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electron-phonon interaction. According to the straight- 
forward use of McMillan formula the theoretical value of 
the superconducting temperature is 0.45 K which is not 
so bad results in comparison to other Y intermetallics. 
Therefore we tentatively propose that the observed su- 
perconductivity might for example result from the cou- 
pling of electrons to special phonon modes in the Y and 
La iridium silicides complex phonon spectra. All physi- 
cal parameters and found constants for the YIr2Si2 and 
LaIr2Si2 are digestedly summarized in the table IXTTl 
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